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Soil is a material that has been formed through the 
influence of many different natural agencies. The engi-
neer is not so much interested in how the soil was formed, 
but he does want to know the characteristics of the soil 
with respect to its use as a structural material. There-
fore, the engineer is primarily interested in the physical 
properties of soils. 
Much progress has been made during the past twenty 
five years in the study of Soil Mechanics, but even today 
there is a tendenoy among engineers to think of soil as just 
a mixture of clay. sand, silt and gravel. In designing a 
structure, if soil is one of the principal building mater-
ials or serves as the structure's base, the designer can 
prepare better plans, reduce the initial construction effort 
and make maintenance easier, by a knowledge of the phyeioal 
properties of the soil. 
It is generally believed that soils have five basic 
physical characteristics: Internal friction, cohesion, 
oompreseibility, elasticity, a.nd capillarity. Thie paper 
is concerned directly with finding a simple method of de-
termining the capillarity of a soil. 
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THE RELATIONSHIP BETWEEN THE CENTRIFUGE MOISTURE 
EQUIVALENT AND THE VACUUM MOISTURE EQUIVALENT OF SOILS 
INTRODUCTION 
Soil is a porous granular material containing pores of 
various sizes called voids. As water enters the soil, it 
either remains in the pores or moves through the pores to 
lower depths. The ability of a soil to hold water is an 
important physical characteristic. 
Water is present in a soil in three different forms: 
hygroscopic, capillary and gravitationa1.(l) The hygro-
(1) Baver, L. D. Soil Physics. John Wiley & Sons, New 
York, 1940. p. 194. 
l 
soopic moisture is a thin film of water around the indivi-
dual soil particles. This moisture has been absorbed from 
the atmosphere as a result of attractive foroea ooourring on 
the surface of the particles. Hygrosoopio moisture is asso-
oiated with the soil particles and is not capable of move-
ment through the soil. Capillary water is tha.t water held 
in the void spaces of the soil by tensile forces in the water 
surfaces. It will move in any direction from the wetter to 
the dryer soils until the capillary forces are satisfied. 
Gravitational water is present in the pore spaces of the 
soil but it cannot be held by the eo11 and drains from the 
Yoids under the influence of gravity. 
Some authors prefer to think of hygroscopic moisture 
as consisting of cohesive and solidified moisture. The in-
nermost portion of the absorbed film is considered as a 
layer resembling solidified water or ice and is oalled soli-
dified moisture. The outermost layer, designated as co-
hesive moisture, is more nearly like capillary water. An 
illustration of the different types of soil moisture is 
shown in Figure 1, page J.(2) 
(2) Hogentogler, c. A. Engineering Properties of Soil. 
McGraw-Hill Book Co., New York, 1937. p. 95. 
There are two theories regarding the retention of 
water in a soil against the pull of gravity. Briggs be-
lieves that capillary water is present in the soil as a 
tightly stretched film around the soil particles.(}) Be-
(3) Baver. L. D. Soil Physics. John Wiley & Sons, New 
York, 1940. p. 194. 
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Types of Soil l!oisfure 
tracted a.nd held to the films. Millar and Turk state "Two 
forces are primarily responsible for the retention of water 
in the soil against the pull of gravity: The mutual attrac 
tion between soil and water, which may be designated as 
adhesion; and the attraction of water molecules for each 
other. which is a manifestation of cohesion. If there were 
no attraction between soil and water, there would be no 
force to hold water in the soil and it would all yield to 
pull of gravity and drain away. In other word, the reten-
tion of water in the soil is primarily due to the force of 
adhes1on.u(4) 
(4) Millar, c. E. a.nd T.Urk, L. M. Fundamentals of Soil 
Science. Wiley & Sons, New York, 19~;. p. 157. 
En the early part of this century, soil physicists 
became interested in the water-holding capacity of soils. 
If a single-valued constant could be determined by some 
method to express the moisture retentiveness of a soil, two 
or more soils could be compared by the numerical difference 
that might exist between suoh soils. 
In 1907, Briggs and KcLane conceived the idea that it 
would be possible to measure the ability of soils to hold 
moisture by re-oreating in the laboratory a force comparable 
4 
1n magnitude to the gravitational force exerted on the soil 
moisture in the field.(5) A centrifuge machine was con-
(5) Briggs, L. J. and UoLa.ne, J. w. The Moisture Equiva-
lent of Soils. U. S. Department of Agriculture, 
Bureau of Soils, Bulletin 45, p. 5. (1907) 
structed in order to obtain this force. Samples of soils 
were placed in crucibles, allowed to soak in water for 
about six hours, placed in a humidifier for twelve hours, 
then inserted into the centrifuge machine. The machine was 
operated at a certain speed for about an hour. The oruoi-
blee were then removed from the ma.chine, weighed, placed in 
an oven to dry to constant weight and weighed a.gain. 
After a great many experiments had been performed, 1t 
was decided that the following method of finding the Cen-
trifuge Moisture Equiva.lent would be used:(6) A five-gram 
(6) J"enkins, Herbert. Soil Mechanics Laboratory Manual: 
Physical Properties of Soils. Comstock Publishing Co., 
Ithaca, New York, 19~7. p. ;9. 
sample of soil passing the No. 4o sieve is placed in a 
Gooch crucible. This sample is saturated in distilled 
water for six hours, then put in a humidifier for twelve 
hours for uniform moisture distribution and finally centri-
5 
fuged under an acceleration of one thousand times gravity 
for one hour. The soil and crucible are weighed after the 
centrifuging is completed~ placed in an oven to dry to con-
0 
stant weight at 105 0 and then weighed again. The Centri-
fuge Moisture Equivalent is expressed as a percentage of the 
weight of the oven-dried soil sample, or as given by the 
formula.: 
Weight of Moisture Retained 
CME: x 100 
Weight of Oven-dried Sample 
In order to obtain an acceleration of one thousand 
times gravity. it is necessary to determine the correct 
speed of the centrifuge. The speed required varies 
with the radius of rotation of the centrifuge. In the 
standard soil centrifuge maohine, this speed is 24-40 revo-
lutions per minute. 
This method of determining the Centrifuge Moisture 
Equivalent of soils is now generally accepted by American 
soil scientists and many soil laboratories are equipped with 
a soil centrifuge machine. 
As a result of this new Centrifuge Moisture Equivalent 
teat, many investigators became interested in applying it 
to the study of soils. In other words, they wanted to know 
what information this constant would give them about the 
physical oharaoteristios of a soil. 
6 
Since the Centrifuge Moisture Equivalent of a soil is 
an empirical value, its relationship to the water-holding 
capacity of a soil in the field was unknown. After several 
investigations, it was found that the Centrifuge Moisture 
Equivalent and the anount of water tba.t a soil in the field 
will retain against the pull of gravity are very cloee.C7) 
(7) Veihmeyer, F. J. The Moisture Equivalent as a Measure 
of the Field Capacity of Soila. Soil Science, Vol. ;2. 
p. 181. (1931) 
Therefore, the Centrifuge Moisture Equivalent is a measure 
of the difficulty likely to be found in the draining of a 
soil by ordinary drainage methods. 
The Centrifuge Moisture Equivalent was found to be very 
high for fine silt and dlay and low for sandy soils. This 
led to the belief that the Centrifuge Moisture Equivalent 
could be used as an index of the texture of a soil. Since 
the mechanical analysis of a soil, to determine its texture 
and classifioation, is a long, expensive, and tedious pro-
cess, some other method was definitely needed to accomplish 
the ea.me purpose. 
After considerable research, several empirical equations 
were developed which indicated an approximate relationship 
between the Centrifuge Moisture Equivalent and the meohani-
cal analysis of a soil. For example. Alfred Smith proposed 
7 
the following equation: 
CME= 0.023 (~Sand) f 0.25 (~Silt) J 0.61 (~lay)(S) 
(S) Smith, Alfred. Relation of the Mechanical Analysis to 
the Moisture Equivalent of Soils. Soil Science, Vol. 
~J p. 476. (1917) 
This formula. has very little practical value because the 
solution of one of the unknowns requires the experimental 
determination of the other three unknowns. The finding of 
the three unknowns wou1d be as difficult as performing the 
mechanical analysis of a soil. 
In 1932, Bodman and Mahmud developed a very useful 
diagram based upon the relationship between the Centrifuge 
Moisture Equivalent and the texture of a soil.(9) This 
(9) Bodman, G. B. and Mahmud, A. J. The Use of the Uoisture 
Equivalents in the Textural Cle.ssifioation of Soils. 
Soil Science, Vol. ;;, p. 371. (1932) 
diagram is shown in Figure 2, page 9. To use the diagram, 
it is necessary to determine only two unknowne--the Centri-
fuge Moisture Equivalent and either the sand, clay or silt 
content of a soil. The percentage of sand, clay and silt 
are marked off along the sides of the triangle a.nd the 
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Certain areas of the diagram represent the various textural 
classes of soils. A soil's classification can be decided 
from the area in which the point of intersection of the 
Centrifuge Moisture Equivalent and percentage of sand, 
silt or clay occur. If the point of intersection falls 
outside the diagram, the nearest area determines the soil 1 s 
olassifioation. As an example of the use of the diagram: 
Assume a soil to have a Centrifuge Moisture Equivalent of 
45 and a sand content of 20%. The point of intersection 
is within the Clay area (Point A). Therefore, this soil 
is classified as a olay, containing 20~ sand, 67% clay and 
1'% silt. 
In the construction of highways and airports, a suit-
able subgrade is highly desirable. The failure of subgrades 
has been attributed in many oases to detrimental frost 
heave. The U. s. Bureau of Public Roads determined that 
frost heave would occur only in soils having a large amount 
of capillarity.Clo) By plotting the Centrifuge Moisture 
(10) Hogentogler, c. A., Wintermeyer, A. M. and Willie, 
E. A. The Subgrade Soil Constants, Their Signifi-
cance and Their Application in Practice. Public 
Roads, Vol. 12, p. 128. (1931) 
Equivalent against the shrinkage limit of different soils 
they came to the conclusion that detrimental frost heave 
10 
would not occur in a. soil that bas a Centrifuge Moisture 
Equivalent of less than 12. As far as the writer has been 
able to determine, this value is now generally accepted 
by engineers. 
SUmma.rizing; the Centrifuge Moisture lquivalent is 
a measure of the ease of drainage of a soil in the field. 
the texture of a soil a.nd ability of a soil to withstand 
harmful frost heave. 
11 
OBJECT OF RESEARCH 
In the modern soil laboratory which contains a soil 
centrifuge machine, the determination of the Centrifuge 
Moisture Equivalent of a soil is a simple, but fairly long 
process. The time required to complete the test, after 
acquiring the sample of soil from the field~ is as follows: 
about one hour to sieve the soil and put it in the Gooch 
crucible, six hours of soaking in distilled water, twelve 
hours in the humidifier, one hour to centrifuge, and four 
hours to dry to constant weight and weigh. The total time 
oonsumed is at least twenty-four hours. 
In many organizations having a materials testing lab-
oratory, a soil centrifuge is not available. Therefore, a 
complete analysis of the physical characteristics of a soil 
cannot be made. Since the Centrifuge Moisture Equivalent 
is one of the most important soil characteristics, there 
is a definite need for some dependable, simple and avail-
able method for indirectly determining the Centrifuge 
Moisture Equivalent of a soil. 
Bouyoucos developed the method of pulling out gravi-
tational water from soils by means of suction or vacuum 
forces. His new method, whioh he called the Va.ouum 
Moisture Equivalent, consisted of the following: a piece 
of filter paper was placed in a Buchner funnel, completely 
12 
covering the bottom. The funnel was then filled with soil 
passing the No. 10 sieve. The funnel containing the soil 
was placed in a beaker, and water added until it had rea.ohed 
a height of approximately one-half inch below the top of the 
funnel. This was allowed to set for a period of a.t lea.st 
twelve hours. After the soaking period was completed, the 
stem of the Buchner funnel wa.s pla.oed in a. hole in a. rubber 
stopper whioh had been fitted in a filter flask. A damp 
rag was placed over the top of the funnel, and a suction 
was applied, by means of a suction pump~ for a. period of 
exactly fifteen minutes. The damp soil wa.s immediately 
put in a oontainer, weighed, and then dried to a constant 
0 
weight a.t a temperature of 110 C and weighed again. The 
Vacuum Moisture Equivalent was expressed as a.percentage 
of the weight of the oven-dried soil or by the formula.: 
Weight of Moisture Retained 
x 100<11> 
Weight of Oven-dried Sample 
(11) Bouyoucos, George. A New, Simple, and Rapid Method 
for Determining the Moisture Equivalent of Soils and 
the Role of Soil Colloids on the Moisture Equivalent. 
Soil Science, Vol. 27, p. 234. (1929) 
Bouyouoos ran a series of tests on different soil 
es.mples to determine their Centrifuge Jloieture Equivalent 
and Vacuum Moisture Equivalent. He compared the results 
13 
and found that in some oases the two values a.greed very 
closely, while in others the agreement was not too close. 
He came to the conclusion that a relationship existed be-
tween the two moisture equivalents.(12) 
(12) Bouyouoos, George. The Comparison Between the Suction 
Method and the Centrifuge Method for Determining the 
Moisture Equivalent of Soils. Soil Soienoe, Vol. 4o, 
p. 170. (1935) 
In similar tests, conducted at the Minnesota Agricul-
tural Experiment Station, the following results were ob-
tained: •With loams and soils of stil1 finer texture the 
suction value averaged about one-tenth higher than the 
moisture equivalent, whereas with individual soils it 
varied practically equal. to one-third higher. With the 
sands of coarsest texture, it was twioe as high, or still 
higher, a.nd with soils intermediate between these and loams 
it was generally intermediate but widely variable. Dupli-
cate determinations by the suction method were found muoh 
less concordant than those with the centrifuge.•(l3) 
(13) Pinckney, R. M. and Alway, F. J. Reliability of the 
Proposed Suction Method of Determining the Moisture 
Equivalent of Solla. Soil Soienoe, Vol. 4S, p. 411. 
(1939) 
14 
Apparently, Bouyouoos•s Vacuum Moisture Equivalent is not 
the same as the Centrifuge Moisture Equivalent in all soils. 
Since the results of the preceding investigations 
indicated that the Vacuum Moisture Equivalent and Centri-
fuge Moisture EquivaJ.ent agreed in some oases, it was felt 
there might be a straight-line relationship between the two 
equivalents at some lower vacuum pressure, and by plotting 
the Vaouum Moisture Equivalent against the Centrifuge Mois-
ture Equivalent, a straight-line curve would be obtained. 
Then by deriving the equation of the curve the Centrifuge 
Moisture Equivalent of a soil could be found indirectly 
from the value of the Vacuum Moisture Equivalent of that 
soil. 
15 
APPARATUS AND MATERIALS 
It was believed tba.t the best way of creating a small 
vacuum pressure was by means of water flowing from a faucet 
through an aspirator. The vacuum pressure could be measured 
by using an open manometer containing water. The difference 
in the elevation of the water level in the manometer would 
indicate the vacuum pressure in terms of inches of water. 
The writer constructed a wooden stand upon which to 
place the manometer. The manometer was formed from glass 
tubing by heating and bending the glass. A rubber hose was 
connected to one opening of the manometer and the other end 
of the rubber hose was connected to a glass •T-joint.• The 
other two openings of the •T-joint• were connected by means 
of rubber hoses to a filter flask and an aspirator. The 
aspirator was then connected to the water faucet. Figure 
3, page lS, shows a sketch of the experimental •set-up.• 
The following is a list of the apparatus used by the 
writer in determining the Vacuum Moisture Equ1va1ent of 
certain soils: 
a. Buchner funnel -- a porcelain funnel with per-
forated bottom. It was about 51 mm in outside 
diameter at the top and had an overall height of 
about 90 mm. 
b. Filter paper 
16 
c. Filter flask -- the filter flask contained a 
rubber stopped with a. hole in it large enough to 
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The Va.ouum Moisture Equivalent and Centrifuge Moisture 
Equivalent of twenty different soils were determined by the 
writer. No attempt was made to classify the soils as to 
texture, but the samples included clays, loams, sands, and 
silts. 
One sample was obtained from southeast Missouri, two 
from southwest Missouri, two from northern Missouri, two 
from central Missouri and five from south oentra1 Missouri. 
The remaining seven soils were samples that had been se-
cured from different parts of the United States. 
17 
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EXPERIMENTAL PROCEDURE 
The writer approached the problem of determining a 
definite relationship between the Centrifuge Moisture E-
quivalent and the Vacuum Moisture Equivalent with the idea 
of finding the Vacuum Moisture Equivalent of each soil at 
different vacuum pressures and at different time interval.a 
of application of the pressure. The Centrifuge Moisture 
Equivalent of each soil would be determined and by plotting 
the Vacuum Moisture Equivalent against the Centrifuge Mois-
ture Equivalent, several curves would be obtained. If one 
of the curves was found to be a smooth, continuous line 
whioh could be expressed mathematioally, the object of the 
experiments would be a.ocomplished. 
The Centrifuge Moisture Equivalent of each soil was 
determined by using the Standard Method of Test for Cen-
trifuge Moisture Equivalent of Soils, A.A.S.H.o. Designa-
tion: T 94-42. (See Appendix B). 
The Vacuum Moisture Equivalent of each soil was found 
by the following method: The soil samples were prepared in 
accordanoe with A.S.T.M. Designation: D 421-JST (See Appen-
dix A). A circular piece of filter paper large enough to 
cover the inside bottom of a Buchner funnel was plaoed in 
the funnel and the funnel was then filled with soil passing 
the No. 10 sieve. The stem of the funnel was tapped 
19 
lightly several times against a table to insure capillarity 
of the soil. The funnel was placed in a beaker and support-
ed to prevent it from toppling over. Tap water was then 
added to the beaker until it had reached a height of approx-
imately one-half inch below the top of the funnel. The soil 
sample was allowed to set for a period of twelve hours or 
more in the water. 
A container for holding the damp soil was weighed and 
the weight recorded. The &spirator was connected to the 
water faucet and the water flowing from the faucet was 
regulated until the desired vacuum pressure was obtained. 
The stem of the Buchner funnel was inserted in the hole in 
the rubber ~topper. The rubber stopper had previously been 
fitted in the filter flask. A damp rag was immediately 
placed over the top of the funnel to prevent loss of mois-
ture from the soil by evaporation. The suction was applied 
for fifteen minutes. 
The damp soil was then placed in a container a.nd the 
container and contents were weighed. The container was 
placed in the oven and allowed to dry to constant weight. 
The container was taken from the oven, placed in a desic-
cator and allowed to cool. The container and contents were 
then weighed and weight recorded. 
The Vacuum Moisture Equivalent was calculated by using 
20 
the formula: 
A - A1 




A is the weight of the damp soil+ container 
A11s the weight of the oven-dried soil+ container 
b is the weight of the container. 
The Vacuum Moisture Equivalent for a few samples was 
first found by applying a suction of fifteen inches of 
water for a period of fifteen minutes. It was observed 
that immediately following the application of the auction. 
the percolation of the water from the soil was very rapid 
and after about three minutes only a drop of water fell 
occasionally and after ten minutes no water was drawn from 
the soil. It was felt that it would be unnecessary to apply 
the vaouum for more than ten minutes. since the loss of 
moisture by evaporation from the soil would be variable. 
depending upon the humidity of the room in which the exper-
iment was performed. Therefore. duplicate determinations 
would not be concordant. 
21 
RESULTS 
The first series or Vacuum Moisture Equivalent determi-
nations was performed using a vacuum pressure or fifteen 
inches or water applied tor ten minutes. This vacuum pressure 
was an arbitrary Talue selected by the writer. The tabulated 
results are civen in Table IV, page 26. When the Vacuum 
Moisture Equivalent was plotted against the Centrituge Moist-
ure EquiTalent, as shown in Figure ~. page 27, a straicht-
line curve was obtained. In other words, a Tacuum pressure 
ot titteen inches or water applied tor ten minutes cave the 
desired results. 
The question immediately arose: What ettect would an 
increase in Tacuum pressure have on the Vacuum Moisture E-
quivalent? The vacuum pressure was increased to twenty-tiTe 
inches or water, which was the maximum pressure that could 
be obtained trom the source of water supply, and the Vacuum 
Moisture Equivalent was determined tor some ot the soils. 
The results indicate there is Tery little ditterence in the 
Vacuum Moisture EquiTalent at a titteen-inch vacuum pressure 
and at a twenty.rive-inch Tacuum pressure. 
22 
It was also noticed that in duplicate determinations or 
the Vacuum Moisture EquiTalent and the Centrifuge Moisture 
Equivalent or a soil, the two Vacuum Moisture Equivalent values 
cenerally agreed more closely than the two Centri:ruge Moist-
ure Equivalent Talues. 
DATA AND CALCULATIONS OF THE VACUUM MOISTURE 
EQUIVALENT FOR SAMPLE E 
FIFTEEN-INCH VACUUM PRESSURE 
Weight of Container and 
#2 
Contents after Suction (A) ---------- 49.77 ----- 46.SO 
Weight of Container and 
Contents after Drying (Ai) ---------- 45.79 ----- 43.26 
Weight of Container (b) ------------- 30.42 ----- 29.5i 
(A - Ai) ---------------------------- ~ ----- ~ 
(Ai- b ) ---------------------------- i5.37 ----- 13.75 
V1lE : (A - A1) x ioo -------------- 25.83 ----- 25.76 (A1- b ) 
A..verage VME ------------------------------- 25.S 
TABLE I: SA..~PLE DATA FOR VME TEST USING 15-INCH PRESSURE 
DATA AND CALCULATIONS OF THE VACUUM MOISTURE 
EQUIVALENT FOR SAMPLE E 
TWENTY-FIVE-INCH VACUUM PRESSURE 
Weight of Container and 
Contents after Suction (A) -------------------------- 54.74 
Weight of Container and 
Contents after Drying (A1) -------------------------- 49.67 
Weight of Container (b) ----------------------------- 29.51 
(A - A1) -------------------------------------------- ~ 
(A1- b ) -------------------------------------------- 20.16 
(A - "1_) 
vu: ------ x 100 ---------------------------- 25.14 
("1_ -b ) 
TABLE II: SAMPLE DATA FOR VME TEST USING 25-IBCH PRESSURE 
DATA AND CALCULATIONS OF THE CENTRIFUGE MOISTURE 
EQUIVALENT FOR SAMPLE E 
#1 #2 
Weight of Crucible a.nd 
Contents after Centrifuging {A) ---- 25.04 ----- 23.7~ 
W-eight of Filter Paper Wet (b) ----- 0.10 ----- O.Og 
(A - b) ---------------------------- 24.9~ ----- 23.71 
Weight of Crucible and Contents 
dry (A1) --------------------------- 24.10 ----- 22.91 
Weight of Filter Paper dry (b1) ---- 0.03 ----- 0.04 
(A1 - b1) -------------------------- 24.07 ----- 22.87 
(A - b) - (A1 - b1) ---------------- o.g7 ----- 0.8~ 
Weight of Crucible (o) ------------- 16.56 ----- 15.63 
(o ~ b1) --------------------------- 16.52 ----- 15.67 
A1 - (o + b1) ---------------------- ~ ----- 7.24 
(A - b) - (A1- b1) 
CME : x 100 --- 11.58 ----- ll.6o 
A1 - (c ~ b1) 
Average CME ------------------------------ 11.59 
TABLE III: SAMPLE DATA FOR CME TEST 
25 
CALCVLA T£0 VALO£S OF TllE. CM£. A/VO 
VM£. OF /11£ VAR/Of/5 SOIL SAl1PLeS 
SOIL V.A1£ So/L VM£ 
CME CME 
SfNPLt. /5 /N.2.5/n, SANPLl. 15/N. 2S/M' 
WAT£!( Wh'T&R W/17£/? WArER 
A 4,0 17.~ /6.8 K /. 5 /6./ -
B /3.0 28 . .9 28-3 L /3.,Z 36.0 -
c /8.0 3/.7 31.9 /VI Z/.O ~/.O 3~.4-
D 3G.S 53.Z 5/.3 N 5~6 68.0 6S.9 
£ //.6 26.0 25:/ 0 4Z.Z ST.8 56.Z 
F l.O /~3 13.9 p 24.6 40./ 3&5 
G- ~.8 ZZ.I ZZ.3 Q 31./ 4/:§ ~7.1 
H 3-0 /6.6 - R 2G.7 #.0 4$7 
z 40.3 57..9 - s /.9.S- 3S:5 34.S 
:r 13.6 29.7 28.9 T /S.9 30.6 Z9.7 




































~ VacuGon l'?olsrur-e EQv/vq/enr 
'I' VS Cenrrlruge /'fo/sft:./re EQV/Vo/enr ~ S. Halcon?b no/' 20:, 1.95/ p 
E<?Vaf/C:;n: C/r1£= o • .93~{V/t'/£) -12.67 




From the results obtained, indications are there is a 
definite straight-line relationship between the Vacuum Mois-
ture Equivalent and the Centrifuge Moisture Equivalent when 
plotted on decimal ruled paper. Since the values of the 
Vacuum Moisture Equivalent did not change to any extent by 
1noreas1ng the vacuum pressure from fifteen inches of water 
to twenty-five inches of water, this straight-line rela-
tionship must be present at any low vacuum pressure. At 
wha.t pressure the relationship ceases to exist is unknown, 
but it is suggested as a subject of further investigation. 
Although the number of soils tested did not include 
eTery different type of soil, it is felt that the samples 
represented several common types of silts and clays encoun-
tered by engineers. Future investigations might show that 
a few unusual types of soils would not conform to the 
relationship indicated in this paper. 
This relationship should be of value to those labora-
tories that do not have moisture equivalent centrifuges. 
It should also be valuable to soil engineers in the field. 
Since the apparatus is not expensive a.nd it is easy to 
build or obtain, the soil engineer could easily determine 
the Centrifuge Uoisture Equivalent of a soil in the field, 
providing a source of tap water is available. 
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The writer believes that the approximate Centrifuge 
Moisture Equivalent of a soil can be determined indirectly 
by first finding the Vacuum Moisture Equivalent of the soil 
as suggested in this paper and substituting this value into 
the equation 
CME: 0.934 (VUE) - 12.67. 
29 
SUMMARY 
The intention of this paper was not to minimize the 
importance of the use of the Centrifuge Moisture Equivalent 
of soils, but instead, to find a simple method of deter-
mining the Centrifuge Moisture Equivalent indirectly. The 
writer presented a description of the discovery of the 
Centrifuge Moisture Equivalent and the progress made in 
adjusting it to express certain soil characteristics. The 
previous experimental work pertaining to the Vacuum Moisture 
~quivalent of soils was also discussed, and the results of 
these experiments examined. 
A number of tests were performed to ascertain if there 
is a relationship between the two moisture equivalents. 
Sma.ll vacuum pressures were used to determine the Vacuum 
Moisture Equivalent of several soil samples, and by plotting 
the Vacuum Moisture Equivalent against the Centrifuge Mois-
ture Equivalent of eaoh soil, a straight-line curve was 
obtained. The writer came to the oonolusion that the 
Centrifuge Moisture Equivalent of a soil could be found 
indirectly by first determining the Vacuum Moisture Equiva-
lent of the soil. 
APPENDIX A 
STANDARD METHODS OF PREPARING DISTURBED SOIL 
SAMPLES FOR TEST 
A.A.S.H.O. DESIGNATION: T 87-42 
Only that portion of the Standard Methods of Pre-
paring Disturbed Samples for Test concerned with the de-
termination of the soil oharaoterietios is included in 
the following: 
SCOPE 
l. This method describes the preparation of soil 
samples as received from the field for the determination 
of the soil oharaoterietios. 
APPARATUS 
2. The apparatus shall consist of the following: 
(a) Balance -- A balance sensitive to O.l g. 
(b) Pulverizing Apparatus -- Either mortar and 
rubber-covered pestle or a mechanioa1 device consisting 
of a mortar and a power-driven rubber-covered muller 
suitable for breaking up the aggregations of soil particles 
without reducing the size of the individual grains. 
(o) Sieves -- A series of sieves of the follow-
ing sizes: No. 4, Ho. 10, and No. 40. The sieves shall 
conform to the Standard Specifications for Sieves for 
Testing Purposes (A.A.S.H.O. Designation: M 92). 
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(d) Sampler -- A riffle sample or sample split-
ter, for quartering the samples. 
PREPARATION OF TEST SAMPLE 
~. (a) The soil sample as received from the field 
shall be dried thoroughly in the air and the aggregations 
shall then be tho~oughly broken up in the mortar with a 
rubber-oovered pestle or suitable mechanical device in such 
a way as to avoid reducing the natural eize of individual 
particles. A representative test sample of the amount re-
quired to perform the desired tests shall then be selected 
by the method of quartering or by the use of a sampler. 
(b) The portion of the air-dried sample selected 
for purpose of physical tests shall be weighed and the 
weight recorded as the weight of the total sample uncor-
reot ed for hygroscopic moisture. The test sample shall then 
be separated into two portions by means of a No. 10 sieve. 
The fraction retained on the No. 10 sieve shall be ground 
in a mortar with a rubber-covered pestle or suitable 
mechanical device until the aggregations of soil particles 
are broken up into the separate grains. The ground soil 
shall then be separated into two fractions by means of 
the No. 10 sieve. 
(c) The fraction retained on the No. 10 sieve 
after the second sieving sba.ll be set aside. 
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TEST SAMPLE FOR SUBGRADE SOIL CONSTANTS 
6. The remaining portion of the material passing the 
No. 10 sieve shall then be separated into two parts by 
means of a No. 4o sieve. The fraction retained on the 
No. 4o sieve shall be discarded. The fraction passing 
the No. 40 sieve shall be thoroughly mixed and used for the 
determination of the soil oharacteristics. 
APPENDIX B 
STANDARD METHODS OF TEST FOR CENTRIFUGE MOISTURE 
EQUIVALENT OF SOILS 
A.A.S.H.O. DESIGNATION: T 94-42 
DEFINITION 
1. The centrifuge moisture equivalent is the a.mount 
of water retained by a soil which has been first saturated 
with water and then subjected to a force equal to one thou-
sand times the force of gravity for one hour. It shall be 
determined in accordance with the following procedure: 
APPARATUS 
2. The apparatus shall consist of the following: 
(a) Gooch Crucible. -- A porcelain Gooch cru-
cible with perforated bottom. The crucible shall be about 
li in, in height and the diameter shall be about l in. at 
the top and ~ in. at the bottom, outside dimensions. 
(b) Filter Paper. -- A circular piece of filter 
paper just large enough to cover the inside bottom of the 
Gooch oruoible. 
(o) Trunnion Cup. -- A Babcock trunnion cup 
fitted with a brass cap and with a suitable device for 
supporting the Gooch crucible i in. above the bottom of 
the cup in such a manner that the water ejected during 
the oentrifuging operation shall not come in contact with 
the orucible and oontents and, furthermore. that air may 
oiroulate freely about the crucible within the oup. 
(d) Centrifuge. -- The centrifuge shall be of 
such size and so driven that a force equal to 1000 times 
the force of gravity may be exerted on the oenter of gra.v-
i ty of the soil sample. 
(e) Ba.lance. -- A. balance sensitive to 0.1 g. 
SAMPLE 
3. A 5-g. sample sha11 be taken from the thoroughly 
mixed portion of the material passing the No. 40 (420-
micron) sieve whioh baa been obtained in aooordance with 
the Standard Method o! Preparing Disturbed Soil Samples 
for Test (A.A.S.H.O. Designation: T S7). 
NUMBER OF TESTS 
4. Tests shall be made in duplicate. 
PROCEDURE 
5. (a) The sample shall be placed in the Gooch oru-
c ible, in wbioh bas been previously placed a piece of wet 
filter paper which just covers the bottom of the oruoible. 
The crucible shall be placed in a pan of distilled water and 
the sample allowed to take up moisture until completely sat-
urated> as indicated by the presence of free water on the 
surface of the sample. It shall then be placed in a 
;5 
humidifier for at least 12 hours to insure uniform distri-
bution of moisture throughout the soil mass. All free 
water then remaining on the surface of the sample shall be 
poured off, and the crucible pla.oed in a Babcock trunnion 
cup fitted as described in Section 2 (c). 
(b) The sample shall be centrifuged for a period 
of one hour at a speed which, for the diameter of head used, 
will exert a centrifugal force 1000 times the force of 
gravity upon the center of gravity of the soil sample. 
Immediately after centrifuging, the crucible a.nd contents 
shall be weighed and the weight recorded as the weight of 
oruoible and contents after centrifuging. The sample shall 
0 0 then be oven-dried to constant weight at 110 C. (230 F.) 
and weighed. Thie weight shall be recorded as the weight 
of oruoible and contents after drying. 
(o) Waterlogging -- When free water is observed 
on the top of the sample after the centrifuging operation, 
the soil is said to have waterlogged. This water shall 
not be removed but shall be weighed with the sample. 
CALCULATIONS 
6. The centrifuge moisture equivalent o! the soil 
shall be calculated as follows: 
CME = 
(A - b) - (A1- b1) 




CME = centrifuge moisture equivalent 
A = weight of orucible and contents after centri-
fuging. 
A1= weight of crucible and contents after drying 
c = weight of oruoible 
b = weight of wet filter paper, and 
b1= weight of dry filter paper 
REPRODUCIBILITY OF RESULTS 
7. The variation between the two values obtained in 
the duplicate tests should not exceed one per cent for 
values of the moisture equivalent up to and including 
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